findings but if recording artifacts can be excluded the findings suggest intermittent response of muscle fibres rather than a systematic disorder of junctional transmission (Simpson 1960a) . In chronic hypokalemic states there is abrupt loss of response of a proportion of the muscle fibres followed by abnormally early decrement of the remainder (Simpson & Lenman 1959) . DISCUSSION Stimulation of a normal motor neurone releases more acetylcholine than is required to cause maximal endplate depolarization. This provides a 'safety-factor' so that the amount released remains adequate for full response despite gradual reduction with each of a train of stimuli unless this is continued for a long period (the duration depending on the frequency of stimulation). The amount released presumably depends on the stores of preformed acetylcholine in the nerve terminals, possibly in a bound form, and on the rate of synthesis by choline acetylase. Synthesis may be effected throughout the whole length of the nerve fibre from its cell of origin, or it may be formed in the cell body and transported distally along the axon by protoplasmic flow (Hebb & Waites 1956) . Defective synthesis or release of acetylcholine might therefore be expected in lower neurone disorders whether the pathology is mainly polioclastic or distal. The comparative rarity of the myasthenic phenomenon in disease of the lower motor neurone probably indicates that the critical state of 'absent safety factor' is present during a relatively short period of neuronal degeneration. This would also account for the occasional reports of favourable response to neostigmine in disorders of the lower motor neurone.
The excess of acetylcholine over that required for full muscular response produced by faradization of a normal nerve obscures the facilitation effect of a tetanus. The potentiation is believed to be a pre-junctional effect which increases the efficiency of ejection of acetylcholine by the nerve terminals (Liley 1956 ). It is, accordingly, of some interest that early tetanic and posttetanic facilitation have been reported in amyotrophic lateral sclerosis (Simpson & Lenman 1959) , and poliomyelitis (Pinelli & Buchthal 1951) , but not, so far as I am aware, in peripheral neuropathy. The possible use of this fact as an electrodiagnostic test for the integrity of the motor nervre terminals has been suggested (Simpson 1960a (Simpson , 1964 .
The nature of the abnormality of junctional transmission in myasthenia gravis and polymyositis is still uncertain. The safety factor of transmission could be reduced by a postjunctional abnormality of the endplate. Clinical and pharmacological studies do not permit a firm decision (Simpson 1960b ). Nevertheless it is clear from this study of metabolic myopathy that the changes in myasthenia gravis and polymyositis cannot be accounted for by a postendplate lesion of muscle fibres and the balance of probability favours a pre-junctional mechanism in myasthenia gravis (Desmedt 1958 , Elmqvist 1965 . If this be accepted, one is driven to the conclusion that the myasthenic syndrome of polymyositis, and the recruitment effect described in that disease by Simpson & Lenman (1959) also point to a pre-junctional lesion. Have we discarded too readily the term 'neuromyositis'? This is of more than semantic importance for electromyography because it could imply a restoration of fibrillation to its former status as a pathognomonic sign of denervation. The difficulty inherent in making accurate judgments of the degree of abnormality of the electromyogram recorded during voluntary effort is well known. From the figures given by Buchthal (1961) it seems likely that a concentric needle electrode of the type used in clinical diagnosis picks up potentials from 10-15 motor units in the larger limb muscles of man during voluntary effort. These potentials will include spikes from units close to the needle tip and low voltage potentials from more distant units. For this reason individual motor unit potentials can be recorded only during weak voluntary effort; during moderate or strong contractions there is no way of relating successive potential changes in an electromyographic tracing to the motor units from which they arise.
The loss of muscle fibres in primary muscle disease leads to an increase in the number of motor unit discharges for a given load, and to an alteration in the configuration of individual motor unit potentials. When compared with normal muscle, the motor units show an increase in the number of spikes and a reduction in the total duration. When recordings of voluntary activity at standard tensions are made, these factors combine to increase the number of potential changes per second in the traces from patients with primary muscle disease, compared with those from healthy subjects. A method of counting individual potential changes in photographic records using a special mechanical counter has been described previously (Willison 1963 (Willison , 1965 . Counts higher than those seen in healthy subjects were found in a high proportion of patients with primary muscle disease (Willison 1964) . The relationship between count rate and muscular weakness was not analysed but is shown in Fig 1 in which the highest count rates found in the examination of several areas of triceps at 2X0 kg tension are plotted against maximum voluntary tension. Maximum tension was recorded with a spring balance attached to a wristlet during voluntary extension of the elbow, the forearm being at a right angle to the humerus. The values obtained from healthy subjects are shown in solid circles, and from patients with primary muscle disease in open circles. It is clear that the patients who show the highest count rates are those in whom the muscle is weak. However, high rates were seen in 4 patients whose voluntary power fell within the normal range. The results were compiled from photographic records using the mechanical counter, the mean number of areas sampled being 3 5 per muscle. Although sampling more areas might have yielded higher values this does not alter the general point that the relationship between count rate and maximum tension is only an approximate one.
In practice the technique of measuring the activity by hand in photographic records has disadvantages. The first of these is the laboriousness of the counting; it may, for example, take twenty minutes to measure a section of record of one second's activity; thus the number of areas of muscle which can be sampled in one patient and the number of different muscles which can be examined is limited. The second major disadvantage is the long delay in obtaining the count rate so that one cannot be certain of having sampled the areas of muscle which would give the most abnormal counts.
These were compelling reasons for developing an electronic method of counting during the examination of the patient. For this purpose we have developed two electronic circuits which provide continuous analysis of the electrical activity and which present the results as a numerical display at the end of timed periods of sampling (Fitch & Willison 1965) .
One of the circuits measures every change of potential greater than 100 pV in amplitude and the second measures the sum of the amplitudes of potential changes. Both instruments avoid the disadvantages of using a fixed reference level from which to measure potential changes. If this was all that was needed a simple pulse counter would be adequate. However, this is clearly not the case as Fig 2 demonstrates. Fig 2 shows a portion of record taken from triceps at 2-0 kg tension in a patient with muscular dystrophy. An arbitrary reference line has been drawn through the trace. A pulse counter set to count deviations from this line would count 10 potential changes in the length of record shown, whereas 49 changes of more than 100 pV actually occur, and would be counted by our analyser.
The automatic analysers have enabled us to measure activity during five-second periods and to sample many more areas in a given muscle. They have also enabled us to extend the study to the examination of biceps brachii, vastus medialis and tibialis anterior as well as triceps (Rose & Willison, to be published). A simple method of applying a known load to each of these muscles has been devised using a weight hanging over a pulley. The pulley is mounted on a rigid frame and its height is adjustable so that the tension cord can be led to a wristlet or anklet. In the case of tibialis anterior a board is strapped to the sole of the foot and the load attached to a peg which lies in the first interdigital cleft.
The larger number of samples obtained from each muscle has enabled us to calculate the mean and standard deviation of the count rate for each muscle. Fig 3 shows the range of values obtained from tibialis anterior at 2-0 kg tension in 20 healthy subjects and 10 patients with primary muscle disease. The mean and standard deviations were grossly elevated in some patients but not in others. Three of the patients (M W, J E, Z P) show a significantly increased mean count rate compared with the controls; in each case the muscles were obviously clinically weak. Two other patients (H S, L E) show an increased variance with a slight increase in the mean; clinical weakness was mild in both cases. Five patients showed normal count rates and it is interesting that in each case voluntary power was normal, tibialis anterior being clinically unaffected although there was evidence of primary muscle disease elsewhere.
In many patients we have now examined several muscles in order to compare the degree of involvement as shown by this technique. Normal counts have been virtually restricted to unaffected muscles but the converse is not true and high counts have been seen in some muscles which were not clinically weak. In other words, both the number of areas in one muscle which are sampled and number of muscles examined contribute to the sensitivity of the method in detecting abnormalities.
In addition to the measurement of the count rate we have studied other features of the electromyographic recording during voluntary activity. In particular we have become interested in the intervals of time between successive potential changes. Preliminary observations indicate that intervals as short as 0-2-03 msec may be found frequently in some areas of muscle in patients with muscular dystrophy, and this may prove to be a more sensitive test of abnormality than the estimation of the overall count rate. However the accurate measurement of time and voltage changes during intervals as short as one fifth of a millisecond is likely to demand apparatus which is relatively elaborate. In fact such a study provides an excellent opportunity for the application of computing techniques to a straightforward clinical problem, namely whether or not the electromyograms of certain muscles in a patient with muscular weakness show statistically valid evidence of loss of muscle fibres.
